EVOLUTION IN C* DEVELOPMENT

GROUP DECISION SUPPORT

SYSTEMS

Executive Team-Management Tools

¢ progression of command
o and control (C?) systems from
MESSARE PrOCess0Ts intD execu-
tive decision support devices Is
the next generation of C* develop-
ment. This evolution is being effected
by user-developed protobypes and by
the mew architecture of Space and
Electronic Warfare (SEW).

In a spontaneous manifestation of
bottoms-up development, tactical de-
cision aids, prototypes, and other user-
developed desktop applications are
coalescing intogroup declslon support
devices. In this regard, the Maval Tac-
tical Command System-Afloat (NTCS-
A) has joined several prototype de-
vices [e.g., [OTS, NIPS, POST) into a
comprehensive, LAN-based system.

Simultaneously, in a calculated ap-
plication of top-down design, SEW
architects have proposed networks of
workstations supporting the manage-
ment of sensors, information, electro-
magnetic-spectrum, and battle-space.
This architecture mirmors the group
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decision-making practices of the Com-
posite Warfare Command [CWC). A
preliminary implementation of this
design can be seen in the Advanced
Track Management System (ATM3)
baseline of the Interim Surveillance
Direction System (S03-1).

In both cases, command and con-
trl slaff members ane being cquipped
with decision support devices appro-
priate to thelr domalns of expertise.
Metworking these processors aggre-
gares the work of the staff and creates
a decislon support system for the
group. Systems of this type will dis-
place the C* technology of the past to
become the Command Declsion Sup-
port Systems (CDSS) of the future.
This article provides a basis for under-
standing that future.

Background

Business and academia have stud-
ied proup decision making and Group
Declzlon Support Systems (GDSS) for
at least a decade. The objective of this
application has been to foster consen-
sus among ad hoc proups of indepen-
dent executives. In these systems,
mechanisms for informatbon input and
opinion exchange are more fully ma-
tured than the mechanisms for after-
natives generation and choice. On the
other hand, the development of group
support in the military has concen-
trated on generating and displaying
alternatives to a seasonad staif,
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Accordingly, one of the key differ-
ences between the business and mili-
tary approaches o group support is
the client group itself. The composl-
tion, tenure and policies of the group
of users is as important a delimiter of
performance as are the applications
that are emphasized. While all groups
of executives seek (o assert autonomy
over thelr domains, members of a mili-
tary staff frequently exercise a viriual
monopoly over thelr areas of interest.
Since the practices and consensus
mechanisms differ for the two groups,
the functionsof DS and GDS5differ.,

The principal services of GDES are
the collection and ramking of ideas
and the creation of an anonymous
forum for discussion. The GDSS build-
ers start with organizational behavior
as an underlying discipline and ap-
proach decision making as a group
dymamic. The objective Is to foster
consensus about a single, multifac-
eted subject.

The CDSE, on the other hand, stan
with military doctrine as their base
and coordinate tactical decisions con-
cerning different areas of warfare (2.2,
air, surface, subsurface) The group
dynamic of military leadership typi-
cally does not require that the dedi-
slons of @ member of 8 command sta il
be nepotiated. Rather, these are rec-
onclled, de focto, by layering the re-
sulting sets of intersecting directives.
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The result is a composite of varlous
warfare-area decisions which are pre-
sented to the commander as an ever-
changing collage of large screen dis-
plays,

Because of this group behavior,
CDSS efforts, to dare, have centered
around creatingdecision support tools
for the individual staff officers and on
displaying the results generated by
these DSS. The interpersonal and or-
ganizational implications for group
dvnamics are yet to be explored. If
CDSS evolution is to avoid the pit-
falls' of the C° experience, analysis
and application of these behavioral
disciplines is required.

The existing, prototype-based
CDS5 systems offer ample opportu-
nity for beginning these analyses and
this article provides its intellectual
basis. [t explores the origins of deci-
shon support technology and the hier-
archical characteristics of decision
making. It discusses the military ap-
plication of single-user systems astools
for alternatives generation and analy-
sis. It offers definition of a group sup-
purt system for the military (e, CDS5)
and offersrecommendations for imple-
menting behavioral, rescarch in the
development of CDSS.

Evolution of the Three Types
of Computer-Based
Information Systems

Three broad categories of Com-
puter-Based Information Systems
(CBIS) have evolved in response to
requirements for successively com-
plex output. Those that process trans-
actions are the simplest and those that
enhance decisions are the most com-
plex and the newest.

Starting as sophistlcared math-
ematical tools at universitics, comput-
ers migrated w the lowest level of
business to support transaction pro-
cessing. Then, in response o the nedds
of midmanagement. the next level of
CBIS emerged as computers began
aggregating transaction statistics for
administrators. Finally, CBIS are be-
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Disdaining straight-
forward mathematical
applications, the
military is applying
decision support to
information fusion and
to the subjective
evaluation of tactical

alternatives. _
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ginning o provide interactive support
for decision making at the executive
lewel.

The military use of computers has
fallonwwed a similar progression but with
different application focl. Knowledge
of these divergent applications can be
an important ool for understanding
the newest CBIS and for puiding the
future growth of both. Figure 1, illus-
trates this parallel development by
contrasting the business and militry
applications of CBIS with the prod-
ucts gach produces. From this figure,
it can be seen that business applica-
ticns initially were straightforward ma-
nipulations of data from financial

events (e.g.. payroll, sales, inventory)-
Likewlse, the first military applica-
tions (though delayed several years
while discreet mathematics was per-
fected) were also dependent on
straightforward mathematical pro-
£eS5e5.

Next, commercial applications fo-
cused on presenting summarles of
ransaction data to midmanagement
and the technology of Management of
Information Svstems (MIS) was cre-
ated. The military applied CBIS tech-
nology o messape tansmission and
the C* System emerged. Commercial
applications of MI5 moved toward
tools for simulation and the military
perfected its message integration
mechanisms.

The legacy of simulators is the Dhe-
clsion Support Svstem (D55}, which
pffers executives the ability to obsenve
effects of od hoc simulations. Consis-
tent with its historlcal concentration
on the mathematics of accounting, the
D55 has been used as a financial
planner® In business for several years.
The military, on the other hand, is
concentrating on more esoferic appli-
cations of decision support. Disdain-
ifg straightforward mathematical ap-
plications, the military is applying
decision support teinformation fusion
and to the subjective evaluation of
tactical alternatives.

Mihough the field is just emenging,
the D&5 issometimes incorrect by called
a Tactical Decision Aid [TDA) in the
military. The term “DS57 implies a
system with libraries of algorithms;

FIGURE 1. The Evolution of Compuler-Based

Information Systems
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FIGURE 2. The Hierarchical Characteristics of

Decision Making
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whereas, TDAs tend to be unigue sin-
gular algorithms. There is library of
TDAs at HADC Pennsylvania where
users can obtain confipuration con-
trofled programs for use with naviga-
tion problems. Exemplified by the Elec-
tronic Warlare Commander's Maodule
(EWICM), military DSSs employ ab-
stractions that are nat found in the
mathematics of financial DS5. These
methods of qualitative analysis and
the formulation and evaluation of
choices offers considerable challenge. !
This Is particularly so In areas of orga-
nizational and human behaviorwhere
the process of decision makingis poorhy
understood.

Hierarchical Characteristics
of Decision Making

Mot surprisingly, the hierarchy of
computer-based Information systems
iz strikingly similar to the structure of
organizational decision making. Fig-
ure 2 projects the three types of com-
puter-based information systems onio
a typical military hierarchy. The left
glde shows the management activity
of a command hierarchy juxtaposed
against the information management
tool with which they ane performed
(right side). The middle three columns
ilustrate: { 1) the management activity
the user is performing while applying
his CBIS wools; (2] a description of the
data used by the CBIS; and (3) the
parameters of decision making within
which decisions must be reached.

As one ascends the hierarchy of
management activity and tools, the
data from which decisions must be
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made become less defined and less
current. AL the rransaction level, (e.g..
a radar) the Information for making a
decision is specific and generally real-
time. Al the opposite end of the hierar-
chy, upper management deals with
information that is non-real-time, has
been collected from many sources(l.e.,
correlated), and originates at locations
putside the command. Similarly, the
parameters within which declsions
must be made become less definitive
as one ascends the management
hlerarchy. The structured, repetitive,
optimized decisions the operator
makes are replaced by decisions about
unique sltuations that the commander
must make using unstructured pro-
cesses (e.g., instinetively). More often
than not. these decisions are made
using a decision criteria known as
“Batisficing.”

This point iseasier tograsp incoun-
terpoise with the lowest level of deci-
ston making: The bulk of oganiza-
thonal data orglnates at the operator
(l.e., the transaction) level. Here suc-
cinct, well-defined optimization crite-
rig, discreet parameters, and well-
known solution techniques canusually
be solved with linear algorithms. Since
this type of computation lends itseli to
computer modeling, it is not surpris-
ing that the transaction level was the
first to be automated.

At the level above the operator,
where methods of solving the problem
are less structured, decislon making
algorithms are more obscure and de-
scriptive modeling is common. In busi-
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ness, this type of midmanagement
decision is often couched in terms of
performance differentials (e.g.."... 10%
above FY "0 consumption levels
for....™). The comparable military sys-
tem, the 7 system, penerally does not
offer such modeling.

As has been observed, the origins
of CF led these systems to malture
along a path more attuned to message
processing and retrieval than to data
summarization. Tracking algorithms
and data correlation models have been
built inte laner-day C* systems such
as the Flag Data Display System
(FDDS). Military leaders should learn
to use these applications as tools of
analysis rather than for the “truth” of
their output.

At its most sophisticated, the decl-
sion process Is unstructured. Its selec-
tion criterion are morne atuned to the
time constraints associated with mak-
ing a choice than to the confidence in
those decisions. The D55 is a tool for
individual decision makers and serves
this type of choosing. The circum-
stances of these decisions are unique
and the processes of selection are pri-
marily intuitive. They are typically the
prerogative of people who have con-
siderable organizational authority and
autonomy in their actions.

The hierarchical structure of orga-
nizational decision making comple-
ments the history of computer-based
information systems. Likewise, an
appreciation of the functions of an
individual DSS presages the definl-
tion of the emerging CO55 application.

DSS: The Single-Person
Decision Tool

The DSS, a device that suppaorts a
single decision maker, has been de-
fincd as:

A man-machine couple that
facilitates the incorporation of
experience and Instinct In deci-
sion-making. It allows the appli-
cation of ad hoe simulations asa
medium for hypothecation
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(“what if-ing?') and automated
poal-secking in the solution of
complex, non-structured prob-
lems.®

Linderstanding these systems ne-
quires an appreclation of the intellec-
tual impetus they can provide. The
utility of decislon support is the stimu-
lation that successive iteratlons of
machine-generated data can provide
to the creativity of the human partner
of the man-machine couple. Insucha
partnership, the function of the ma-
chine component is data recall and od
hoc dara manipulation.

Crata manipulation involves the se-
lective use of applications modules
(e.g.. Markov Analysis, Filters, Spec-
trum Prediction) and the choice of
models is the contribution of the hu-
man component. This choloe Is based
om human insight and experience and
upon the operator's interpretation of
the latest iteration of the data. The
breakthrough that D55 portends Is the
enhancement of the synergy between
the optimal capabilities of each of s
man-machine components, The use
of D55 requires enculturation, as the
users of existing prototype-based sys-
tems are beginning 1o appreciate.

The basic components of a generic
D55 are lustrated in Figure 3, This
illustration suggests a standard set of
operational processes and a custom-
ized set of application modules. This
design permits standard man-machine
interface and operations while provid-
ing each warfare specialist with a
unique set of applications modules.

Communications, text and graph-
ics display, screen processing, a rule-
based expert system, model-base man-
agement svstem, and database
management modules should all be
standard modules. Sets of applica-
thons programs for management of the
electromagnetic environment, sensors
(l.e., undersea, surface and space),
tracking, information fusion, data cor-
relatlon and intellipence fltering
should be available optionally.

Program Monoger

The utility of decision
support is the
stimulation that
successive iterations of
machine-generated
data can provide to the
creativity of the human
partner of the
man-machine couple.

As llustrated, centralized database
and model-base facilitics host the com-
mon data and the library of applica-
thoms modules. Model-base manage-
ment facilities.” a new soltware
management process for joining the
input and outputof dissimilar decision
alds, will most probably be required.

Toward a Definition of
Multi-Person Decision
Support Systems

Group Decision Suppert System
(GDSES) development, generally spon-

sored by university research, empha-
sizes facilitation of the decision pro-
cess within a group, This work is slowly
developing a taxonomy of group deci-
sion support but, with the possible
exception of Kraemer, it generally ne-
glects the military applications. This
section briefly explores the emerging
taxonomy as a foundation for an ini-
tial definition of CDS5.

Academic publications generally
treat group decision suppor as follows:

.Integrated computer-based
syatems which facilitate solution
of semi- or unstructured prob-
lems by a group that has joint
responsibilivy for making the de-
clslon (Gallupe, 1985}, and...the
application of information tech-
nology to support the work of
groups with a focus on improv-
ing group pedomance and or-
ganizational effectivencss (NFS
Working Group). Vogel ob-
serves: Overall, GDSS are now
recognized as supporting search-
ing for alternatives, communi-
cation, deliberation, planning,
problem solving, megotiation,
consensus building, and vision
sharing, as well as decision mak-
ing for group members not in the
same room at the same time.”

These perspectives appear o envi-
slon embedded decision aid modules
for use in “what-il'ing"” but It Is not
clear from the literature that they do so

FIGURE 3. A Generic Decision Support
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FIGURE 4. A Network of Integrated Workstations
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o the same extent as military CDSS.
Pinsenneault and Kraemer offer a fur-
ther classification. They differentiate
systems that support intragroup com-
munlcations, Group Communlcations
Support Systems, from those that sup-
port group decision making (le.,
GOSE).

It is their definition of the GDSS
device that is most uselul because it
closely approaches the sallentaspects
of military applications:

w.those systems that attempt to
structure the group decision pro-
Ces58 in some way..can support
member's Individual decision
processes through decision mod-
els. This basically corresponds
to applying Decision Support
Systemns (D55) (o groups with-
out supporting the group pro-
cess per se, Here the technology
supports [the] decision pro-
cesses of Individuals working In
a group.®

This is a more appropriate descrip-
tion for the military. As we have seen,
the command structure of a battle
stafl diminishes the need for consen-
sus mechanisms. Also, the decision
dlds in existing applications tend o
emphasize user-machine interaction
and recurslve calculatbon without re-
gard for proup participation. The Tac-
tical Flag Command Center, a C? sys-
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tem that Is being upgraded with new
tracking and correlation processes, ap-
pears to conform to this definition.

The CDSS prototypes that are avail-
able also appear to support the defini-
thon. Figure 4 is based on the ATMS
mode] and shows independent work-
statlons distributed across a network
controlled by database, communica-
tions and model-base servers. The
workstations represent existing proto-
types for the management of (1) Sen-
gors, (2) Electromagnetics, (3) Banle-
space, and (4) Intelligence.

Thisillustration showsapplications
software, representing tactical deci-
sion aids and operational doctrine,
being provided to the workstations
from a central repository (ie., the
model-base). This could occur on an
ad hoc basis according to the needs of
each warfare-area stafi member and
are called Optional Application Tapes
(OATs)in the “Unified-Build" of JOTS.
Recognizing that members of a Com-
mand Stalfl are experts in thelr war-
fare-areas, some might prefer to sup-
ply their own personal library of
applications (e.g., floppy diskettes).
These might contain the algorithms
and applications modules that were
used during training or on other staffs.
The model-base management system
will accommodate such a scheme. Fi-
nally, a large screen display (L.e., the
commander's console) represents the
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military integration medium in which
the decisions of the warfare staff are
reconciled.

The various similariies between
GDSS and CDSES suggest consislency
in the research approach to group
support. However, the differences be-
tween business and milltary leader-
ship suppests a more interesting poss|-
bility. As a comparatos, the military
rank structure and staff processes (e.g.,
“management by exception,” "sllence
means consent”) can offer an interest-
img rescarch counterpoise [0 existing
academic research inlo consensus
management. This cross-comparison
will accelerate technology transfer be-
tween the GDSS and CDSS technical
approaches.

Guiding the Development of
CDSS with Operational
Analysis

Existing CDSS are principally ag-
prepates of user-sponsored decision
aids that are being back-{lt into exist-
Ing command and control suites. As
collections of user developed devices,
the modules are relatively self-con-
talned and provincial. Interleaving the
decisions that are facilitated by these
tools is effected (presumably) by the
delimitation of the warfare-areas and
by the ultimate authority of the senior
officer.

Accordingly, existing CDSS are sl-
multanecusly groups of Individual DSS
workstations and a single tool for a
commander. Motwithstanding the
goals of leadership precepts, the com-
mander manipulates these elements
accordingte behavioral considerations
{among other thingsh. These Interper-
sonal mechanisms should be implicit
in the design of the CDSS but they are
not. Speaking of contemporary sys-
tems development efforts, Huschheim
observes:

Research Into 18 fallure has con-
cluded that the primary cause of
failure is the tack of consideration
given o thesocial and behavioral
dimenstorof I5....A growing num-
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ber of researchers suggest that
Information syslems are more ap-
propriately corcenved as sochal
systems which rely, to a greater
ard greater extenl, on new tech-
nology for their operation.

The spontaneous evolution of
CI55, like the eruption of C? from its
origing in messape handling, neglects
this imporant conskderation.

These behavioral tactics come into
play in various potential COS5 do-
mains. One domain is the intelligence
field where emphasis on the integra-
tion of intelligence materiel into the
platform command process is increas-
ing. As CD55 emerge In response fo
the perceived need for closer coupling
berween the platforms and informa-
fion sources (including sensors), op-
erational studies could helpto achieve
organlzationally workable linkages.

Linder the SEW concept, command
systems are under consideration that
support new ASW mactics at as many
as three command echelons (e.g., the
Theatre/Reglon/Sector). To be useful
across so broad a management spec-
trum, information fusion and data
correlation requires a significant
amount of judgmental activity. As this
implies human Interaction with the
data as it matures info information, it
1= a mandate for anticipating the effect
of human behavior upon choosing.
Clearly, organizaticnal characteristics
such as authority and procedures also
will impact this process,

Finally. svstems have been built
traditionally from a full knowledge of
the practices and procedures under
which they will be emploved. At
present, the operational and command
relationships of the new ASW and
SEW prosecution mechanlsms are not
wel established. What is apparent at
this time is that combat decision sup-
port will require systems that have a
decentralized architecture of distrib-
uted, parallel processes operating in
an environment of Intensely imterac-
tive command. This will demand a

Frogrom Monager

The CDSS that will
respond to these
challenges will be
distributed systems
whose operator-
machine components
process-in-parallel and

decide-in-concert.

higher level of interpersonal interac-
tion among remote participants than
hasvyet been achieved anywhere. With-
out a-priori consideration of the com-
mand relatlonships, communications
channcls are likely to be flooded with
irrelevant coordinating data.

The CDSS that will respond (o these
challenges will be distributed systems
whose operater-machine components
process-in-parallel and decide-in-con-
cert. Spatially distributed eamwork
in manufacturing information is in-
creasingly impartantand mechanically
harder to achleve. Behavioral and or-
panizational considerations are a ma-
jor factor in the operatlon of such
distributed svstems and can be ex-
pected to become a major aspect of
the new designs.

A new Navy laboratory, which is
demonstrating collections of fleet pro-
totypes,” has the potential for investi-
gating these new concepts of informa-
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tion integration. Through the studies
at this center, the definition of team-
work mechanisms for information in-
tegration can become an important
advance in the development of CLN5.
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